We studied 26 healthy parturients undergoing elective Caesarean section, allocated randomly to receive extradural block with 0.5 % plain bupivacaine in a double-blind manner in either a single bolus or fractionated doses. After a 3-ml test dose, an additional 20 ml of bupivacaine were given over a 5-min period in the single bolus group (n : 13) and over a 25-min period in the fractionated dose group (n : 13). We studied the effects of bupivacaine on blood flow velocities in the maternal placental and non-placental uterine and fetal umbilical arteries before and four times during establishment of extradural block using a pulsed colour Doppler technique. Median sensory block reached T3 in the single-dose group compared with T4 in the fractionated-dose group. Two subjects in each group required i.v. ephedrine to correct transient hypotension (systolic arterial pressure : 90 mm Hg). Blood flow velocity waveform indices of the uterine and umbilical arteries did not differ significantly within or between groups during the study. There was no significant difference in neonatal outcome, as assessed by Apgar scores and umbilical artery pH values. In conclusion, we observed no deterioration in uteroplacental circulation after administration of a single bolus dose of bupivacaine. (Br. J. Anaesth. 1996; 77: 140-144) Key words Anaesthesia, obstetric. Blood, flow, feto-uteroplacental. Anaesthetic techniques, extradural. Anaesthetics local, bupivacaine.
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Summary
We studied 26 healthy parturients undergoing elective Caesarean section, allocated randomly to receive extradural block with 0.5 % plain bupivacaine in a double-blind manner in either a single bolus or fractionated doses. After a 3-ml test dose, an additional 20 ml of bupivacaine were given over a 5-min period in the single bolus group (n : 13) and over a 25-min period in the fractionated dose group (n : 13). We studied the effects of bupivacaine on blood flow velocities in the maternal placental and non-placental uterine and fetal umbilical arteries before and four times during establishment of extradural block using a pulsed colour Doppler technique. Median sensory block reached T3 in the single-dose group compared with T4 in the fractionated-dose group. Two subjects in each group required i.v. ephedrine to correct transient hypotension (systolic arterial pressure : 90 mm Hg). Blood flow velocity waveform indices of the uterine and umbilical arteries did not differ significantly within or between groups during the study. There was no significant difference in neonatal outcome, as assessed by Apgar scores and umbilical artery pH values. In conclusion, we observed no deterioration in uteroplacental circulation after administration of a single bolus dose of bupivacaine. (Br. J. Anaesth. 1996; 77: 140-144)
Induction of extradural block with bupivacaine in fractionated doses is a routine technique for elective Caesarean section but it is slow in producing surgical anaesthesia for emergency cases. In order to speed up the onset of sensory block in such acute cases, the local anaesthetic has been given as a single bolus dose via either a needle [1] or catheter [2] [3] [4] . This technique may be advantageous, especially in mothers, who already have an extradural catheter in situ for pain relief during labour. In previous studies, 0.5 % plain bupivacaine given as a slow bolus or in fractionated doses did not cause an increase in uteroplacental and fetal umbilical blood flow resistance [5] [6] [7] . In contrast, Alahuhta and colleagues [8] found increased uterine artery Doppler indices, possibly indicating increased vascular resistance, after administration of 20 ml of 0.5 % plain bupivacaine as a bolus injection over a 5-min period. Injection of local anaesthetic in fractionated doses via the catheter appeared to be a safer and more efficient technique for extradural Caesarean section than a single dose [9] . In that study, the incidence of hypotension was significantly lower and, after birth, the efficacy of sensory block was greater in the fractionated-dose group than in the single-dose group, while there was no difference in the condition of the neonates, as assessed by Apgar score. Nevertheless, it has been shown that a single bolus dose of bupivacaine does not have any harmful effect on fetal and neonatal outcome, as evaluated by fetal heart rate patterns [10] and Apgar score [11, 12] .
There are conflicting results of studies on the effects of extradural anaesthesia on maternal and uteroplacental haemodynamic state, partly because of different injection techniques and doses of local anaesthetics. Therefore, we have compared, in a double-blind, randomized study, the effects of a single bolus and fractionated doses of bupivacaine on maternal uterine and fetal umbilical artery blood flow velocity waveforms using a colour Doppler technique.
Patients and methods
We examined 26 healthy parturients at term (gestational weeks 37-40) undergoing elective Caesarean section because of breech presentation, fetopelvic disproportion or repeat Caesarean section. The study was approved by Oulu University Ethics Committee and informed written consent was obtained from each patient. None of the patients was in labour. Exclusion criteria included multiple gestation and maternal or fetal complications during pregnancy (e.g. pre-eclampsia, diabetes or signs of placental insufficiency).
Patients were given 30 ml of sodium citrate 0.3 mol litre 91 orally, 30-60 min before entering the operating theatre, where they were monitored with a three-lead ECG, pulse oximetry and automated non-invasive arterial pressure (Cardiocap, Datex, Finland). Oxygen 3 litre min 91 was administered via a nasal cannula. A peripheral vein was cannulated for administration of i.v. fluids. With the patient in a right lateral position, the extradural space was identified at the L2-3 or L3-4 interspace with an 18-gauge needle using the loss of resistance technique. A catheter was inserted 3 cm cephalad into the extradural space and secured after negative aspiration for blood and cerebrospinal fluid. Patients were then turned to the supine position with left lateral tilt. Local anaesthetic was not injected. Patients received a preload of Ringer's acetate solution 1 litre over a 15-20-min period. Immediately after preloading, the first Doppler ultrasound recording was performed.
The left and right maternal uterine (main branch) arteries near the cervix before their divisions and the fetal umbilical artery were identified by colour Doppler and blood velocity waveforms recorded by the pulsed Doppler method with a 3.75-MHz sector probe and 120-Hz high-pass filter. Peripheral arterial resistance was expressed in terms of pulsatility index (PI), calculated as PI : (systolic peak velocity 9 enddiastolic velocity) / mean velocity during cardiac cycle, and measured from the blood velocity waveform profile (the average of three consecutive waveforms).
After the first Doppler recording, patients were allocated randomly to one of two groups of 13 to receive 0.5 % plain bupivacaine in a double-blind design, either as a single bolus or in fractionated doses. Randomization was performed in the operating theatre using sealed envelopes. A test dose of bupivacaine 3 ml was injected via the catheter. After 4 min, if there were no signs of subarachnoid or i.v. injection, patients in the single-dose group received a 20-ml (100 mg) bolus dose of bupivacaine over 5 min, and those in the fractionated-dose group an 8-ml (40 mg) dose diluted with 0.9 % saline 12 ml (i.e. 20 ml in all) over 5 min. Then, in the latter group, additional bupivacaine doses of 8 ml (40 mg) and 4 ml (20 mg) over 1 min were given 15 and 20 min from the first dose, respectively. In the single-dose group, equal volumes of 0.9 % saline were administered in a similar manner. Thus the total amount of bupivacaine given was identical in both groups (23 ml (115 mg)). A Doppler measurement of the same arteries was repeated 5 and 10 min after the first injection of bupivacaine (the second and third Doppler recording) and then 4 min after the subsequent two injections of either bupivacaine or saline (the fourth and fifth Doppler recording). The obstetrician (L.M.) who performed all Doppler recordings and the author (J.K.) who administered all extradural blocks were blinded to the anaesthetic solutions used in the study. The level of sensory block was assessed before surgery, and if below T5, bupivacaine 3-5 ml was given via the catheter.
Maternal heart rate (HR) was monitored continuously and systolic arterial pressure (SAP) recorded every 2 min during the study. During establishment of extradural block, an infusion of a second litre of Ringer's acetate solution was started in both groups to maintain maternal arterial pressure. Hypotension, defined as decrease in SAP to less than 100 mm Hg or to 80 % of baseline, was treated by increasing the rate of crystalloid infusion. If a value of :90 mm Hg was recorded, ephedrine 5-10 mg was given i.v. The time from uterine incision to delivery was recorded. After delivery, a paediatrician evaluated Apgar scores at 1 and 5 min, and blood samples from a double-clamped umbilical artery were obtained immediately for measurement of acid-base status. The paediatrician also was unaware of the method of bupivacaine injection used for extradural block.
Student's t test was used to detect differences in baseline values between the groups. Analysis of variance for repeated measures was used to assess the statistical significance of the differences in maternal haemodynamic variables (HR, SAP and PI) between and within groups. The Greenhouse-Geisser adjustment for multi-sampler asphericity was used to avoid excessive type I error [13] . Values for maternal SAP were computed as percentage changes from baseline values for later analysis. The number of 11 subjects in each group was determined previously to be sufficient to detect, with 80 % power and a 5 % significance level, a difference of 30 % in mean uterine artery PI between the groups [14] . The difference of 30 % in the PI values was considered clinically significant. The Mann-Whitney U test was used to analyse differences in the height of sensory block between groups. Differences were considered significant if P : 0.05. Values are presented as mean (SD, 95 % confidence interval (CI) or range) where appropriate.
Results
There was no significant difference in basic clinical data between the groups except for maternal weight. Despite randomization, mothers in the fractionateddose group weighed significantly more than mothers in the other group (table 1) . Changes in mean maternal HR did not differ between (P : 0.12) or within (P : 0.45) groups during the study (table 2) Comparison between the right and left uterine arteries showed no difference in PI. Therefore, mean PI from these two vessels was calculated in each patient and used for later analysis. Administration of ephedrine and atropine did not result in any significant changes in individual uterine and umbilical artery PI, and therefore all PI values were included in the subsequent analysis. Changes in mean PI values for uterine and umbilical arteries were not significant within or between groups (table  3) . One neonate in the fractionated-dose group had an Apgar score of 7 at 1 min. Apgar scores at 5 min were ജ 8 and pH values in the umbilical artery ജ 7.17 (range 7.17-7.42) in all neonates in both groups (table 1). Sensory block was adequate for surgery in both groups. One patient in the fractionated-dose group required i.v. opioid (alfentanil) because of visceral pain during surgery. Median level of sensory block was T3 (range T2-5) in the single-dose group and T4 (T3-5) in the other group. This difference, although statistically significant (P : 0.021), was clinically irrelevant.
Discussion
Basic mean uterine and umbilical artery PI values observed in this study were in accord with previous findings in uncomplicated late pregnancies [15] [16] [17] [18] . We did not measure PI before preloading as earlier studies have shown no difference in PI measured before and after preloading [7, 19, 20] . Under the conditions of this study, a total dose of 23 ml (115 mg) of 0.5 % bupivacaine, given either as a single bolus or in fractionated doses via the extradural catheter, did not have any significant effect on maternal uterine and fetal umbilical artery PI, reflecting only minor changes in vascular resistance in these vessels. Other studies have also shown similar results after administration of 0.5 % plain bupivacaine in fractionated doses [5, 6] . In those two studies, only one ultrasound recording was obtained after induction of extradural block, either when sensory block was at T5 [5] or at 40 min [6] . In this study, Doppler recordings were performed repeatedly four times during establishment of extradural block. We were therefore able to also observe any transient changes in blood flow velocities and indices in these arteries. Giles, Lah and Trudinger [21] Figure 1 Mean (95 % CI) percentage changes in maternal systolic arterial pressure (SAP) during the study. SAP decreased significantly in both groups after induction of extradural anaesthesia (*P : 0.05). B : Before extradural anaesthesia. Time : minutes after the first dose of bupivacaine. There were no significant differences between the single-dose (L) and fractionated-dose (I) groups. performed Doppler ultrasound measurements after preload and again at 15 and 30 min after extradural anaesthesia and observed a decrease in mean uteroplacental and fetal umbilical blood flow resistance in eight healthy parturients. In their opinion, the decrease in flow resistance reflected improved perfusion after maternal plasma volume expansion and extradural block. Patients in that study were examined in a semi-sitting (20Њ) position, however, which may possibly explain the difference in uteroplacental perfusion, as that position may lead to altered responses in maternal circulation (e.g. venous return) compared with that in the supine position during extradural block. In contrast, Baumann and colleagues [16] observed an increase in uteroplacental PI after extradural anaesthesia, suggesting impairment of the uteroplacental circulation. In that study, a second ultrasound recording was obtained only once at 15 min after administration of two doses of 0.5 % plain bupivacaine (7 ml each) preceded by a 3-ml test dose of 2 % lignocaine with adrenaline. The dose of bupivacaine (14 ml) given before Doppler measurement was smaller than usual, and the increased resistance of the uteroplacental circulation was thought to be caused by decreased peripheral vascular resistance resulting in increased blood flow to the legs and subsequently a decrease in uteroplacental perfusion pressure. Alahuhta and colleagues [8] compared the effects of a single injection of 20 ml of 0.5 % plain bupivacaine and 0.5 % ropivacaine on uteroplacental and fetal circulation and found a significant increase in placental and nonplacental uterine artery PI, 5 min after administration of bupivacaine and when sensory block was at T6-T4. In that study, a potential explanation for the increase in uterine artery PI after a bolus dose was a high bupivacaine concentration which caused vasoconstriction in the uterine arteries. In this study, bupivacaine was diluted with saline, however, and so the resulting concentration of local anaesthetic solution was probably lower than that in the former study [8] . The possible difference in concentrations may be one reason why we did not observe such an increase in PI after administration of bupivacaine. Thus it seems that there is variation between the results of several studies with regard to the effects of bupivacaine on vascular resistance in the uterine arteries. It is possible that the varied anaesthetic techniques and timings of Doppler measurements used in other studies [5, 6, 8, 16, 21] may hinder interpretation and comparison of the different results obtained.
Both groups in this study were almost comparable except for difference in weight and the level of sensory block achieved. These differences were clinically insignificant, however, and did not endanger the reliability of the comparison of Doppler measurements between the groups. We found similar changes in maternal heart rate and systolic arterial pressure after administration of bupivacaine with both techniques. Maternal hypotension occurred to a similar extent in both groups and the total incidence of hypotension (23 %) observed was comparable with that reported in previous studies using a single bolus dose of bupivacaine [1, 2, 8, 20] . Recently, Griffin and Reynolds [12] reported a high incidence of hypotension after injection of a 20-ml bolus of either 0.5 % bupivacaine or 0.5 % ropivacaine, that is 83 % (29/35) and 76 % (28/37), respectively. In that study, however, patients were preloaded with only 500 ml of Hartmann's solution before extradural block, while in studies with preloading volumes of crystalloid solution greater than 1 litre, a lower incidence of hypotension was observed [1, 8, 20] . However, a recent study showed the ineffectiveness of preloading in preventing maternal hypotension caused by spinal anaesthesia for Caesarean delivery [22] . Another possible explanation for the high incidence of hypotension observed by Griffin and Reynolds [12] may be a more rapid onset of sympathetic block after administration of 17 ml of local anaesthetic over 4 min.
In previous studies, maternal and fetal plasma concentrations of bupivacaine measured after administration of a 20-ml bolus were less than toxic concentrations [4, 10, 23, 24] and there was no change in the heart rate pattern of healthy fetuses [10] . An extradural injection of local anaesthetic may still result in toxic maternal and fetal plasma concentrations or total spinal anaesthesia because of accidental intravascular or intrathecal injection. Therefore, local anaesthetics must be given with care in order to avoid these potential and acute lifethreatening complications. Neonatal outcome, as assessed by 5-min Apgar scores and umbilical artery pH values, was uneventful in this study and in accord with other studies using a single bolus of local anaesthetic for extradural Caesarean section [1, 8, 10] .
